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© A wafer cooling device, includes a wafer chuck; 
a heat exchanger having an internal structure for 
circulation of cooling water therethrough; and a flexi- 
ble heat pipe for providing heat communication be- 
tween the wafer chuck and the heat exchanger. 
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FIELD OF THE INVENTION AND RELATED ART 

This invention relates to a wafer cooling device 
and, more particularly, to a wafer cooling device for 
use in an X-ray exposure apparatus, wherein vibra- 
tion of a wafer due to flow of cooling water is 
suppressed. 

With increasing capacity of a semiconductor 
device, particularly, a semiconductor memory, en- 
hancement of fineness in patterning through a 
semiconductor device manufacturing apparatus has 
been desired strongly. 

As an attempt to accomplishing this, an X-ray 
exposure apparatus using synchrotron radiation as 
a light source has been proposed. In such an 
apparatus, as compared with a traditional exposure 
apparatus using deep UV light as a light source, a 
mask and a wafer are held vertically (Japanese 
Laid-Open Patent Application, Laid-Open No. 2- 
100311). 

Figure 10 is a schematic view showing an 
example of wafer holding block, used in such an X- 
ray exposure apparatus. 

The wafer holding block includes a rough mo- 
tion stage 113 for rough alignment of a wafer to a 
mask in respect to x, y and z axis directions; a 
support table 112 fixed to the rough motion stage 
113; a fine motion stage 108 provided oh a central 
portion of the support table 112, for fine alignment 
of the wafer to the mask; and a wafer chuck 101 
fixed to the fine motion stage 108. 

The wafer chuck 108 can be moved by means 
of the rough motion stage 113, driven by actuators 
(not shown), in each of the x, y and z axis direc- 
tions. Also, it can be moved finely by means of the 
fine motion stage in each of the x, y and z axis 
directions as well as wx, wy and wz directions 
(rotational directions about the x, y and z axes, 
respectively). For simplicity, however, in Figure 10 
the fine motion stage 108 as can be moved only in 
the wz direction is illustrated. More specifically, the 
fine motion stage 108 is supported at each corner 
and each center of its four sides by the support 
table 112 through leaf springs 110. It can be driven 
by means of a piezoelectric device 111 and a 
rubber 109, sandwiching the right-hand leaf spring 
110 therebetween, and can be moved in the wz 
direction minutely. If a pair of a piezoelectric de- 
vice 108 and a rubber 109 are provided for each of 
the leaf springs 110, in a similar manner sandwich- 
ing the corresponding leaf spring therebetween, 
then the fine motion stage 108 can be driven 
minutely in each of the x, y and z axis directions as 
well as in each of the wx, wy and wz directions. 
The wafer chuck 101 is formed with crossing 
grooves 107 for vacuum attraction of a wafer, and 
these grooves are communicated with a vacuum 
pump (not shown) through a passageway (not 



shown). 

In such an X-ray exposure apparatus using 
synchrotron radiation, since a pattern to be trans- 
ferred to a wafer is very fine, thermal distortion of 

5 the wafer attributable to the irradiation with X-rays 
of an intensity of about 100 mW/cm 2 can not be 
disregarded. Therefore, there is a necessity of a 
wafer cooling device for cooling a wafer during 
exposure thereof. 

io Examples of such wafer cooling device are as 

follows: 

(1) A heat conducting member such as a Hg or 
metal web or fine copper wires, having a free- 
dom and deformability, is interposed between a 

75 wafer cooling device and a wafer chuck, or 
between a wafer and a wafer chuck (Japanese 
Laid-Open Patent Application, Laid-Open Nos. 
59-117128, 61-172357 and 63-193447). 

(2) Temperature controlled cooling water is cir- 
20 culated through a wafer chuck 101 to maintain 

the wafer chuck temperature constant (Japanese 
Laid-Open Patent Application, Laid-Open No. 
63-98119). 

(3) A heat pipe is used, with an evaporation 
25 portion being defined in a wafer chuck 

(Japanese Laid-Open Patent Application, Laid- 
Open No. 63-65066). 

SUMMARY OF THE INVENTION 

30 

These wafer cooling devices, however, involve 
some inconveniences such as follows: 

(1) In an arrangement wherein a heat conducting 
member having a freedom and deformability is 

35 interposed between a wafer cooling device and 
a wafer chuck or between a wafer and a wafer 
chuck, it is not easy to retain the flatness neces- 
sary for correction of deformation of the wafer 
(for example, the necessary flatness is 1 micron 

40 per an area of 10 x 10 (cm) or less). Thus, the 
pattern transfer precision is degraded. Further, 
generally such a heat conducting material does 
not have good heat conductivity. 

(2) In an arrangement wherein temperature con- 
45 trolled cooling water is used to maintain a con- 
stant wafer chuck temperature, since the wafer 
chuck is fixed to the fine motion stage 108 
(Figure 10) of small rigidity, there occurs vibra- 
tion due to the flow of the cooling water (for 

so example, according to the result of experiment 
such as shown in Figure 11, there is a possibil- 
ity of displacement of about 1 .20 micron). This 
causes degradation of the pattern transfer preci- 
sion. 

55 (3) In an arrangement wherein a heat pipe sys- 
tem is used, with an evaporation portion being 
defined in a wafer chuck, due to cooling water 
supplied to a condensing portion of the heat 
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pipe, there occurs vibration of the wafer chuck. 
This causes degradation of the pattern transfer 
precision. 

It is accordingly a primary object of the present 
invention to provide a wafer cooling device capable 
of cooling a water without inconveniences such as 
described above. 

It is another object of the present invention to 
provide a wafer cooling device by which, during 
exposure of a wafer with a radiation energy such as 
X-rays, a synchrotron orbital radiation (SOR), an 
excimer laser beam or light of g-line or i-line, the 
wafer can be cooled without degradation of the 
pattern transfer precision. 

In accordance with an aspect of the present 
invention, there is provided a wafer cooling device, 
comprising: a wafer chuck; a heat exchanger hav- 
ing an internal structure for circulation of cooling 
water therethrough; and a flexible heat pipe for 
providing heat communication between the wafer 
chuck and the heat exchanger. 

The heat pipe may include a middle pipe por- 
tion made of a resin material and having an inside 
surface on which a wick wetted with operative 
liquid is adhered. 

The wafer chuck may have an inside space of 
reduced pressure having an inside surface on 
which a wick wetted with operative liquid is ad- 
hered. 

The heat exchanger may have an inside space 
of reduced pressure having an inside surface on 
which a wick wetted with operative liquid is ad- 
hered, and the wicks of the heat exchanger and the 
heat pipe may be connected to each other while 
the wicks of the wafer chuck and the heat pipe 
may be connected to each other. The inside 
spaces of the wafer chuck and the heat exchanger 
may be communicated with each other by the heat 
pipe. 

In accordance with another aspect of the 
present invention, there is provided a wafer cooling 
device for use in an X-ray exposure apparatus 
having a fine motion stage and a rough motion 
stage, the device comprising: a wafer chuck fixed 
to the fine motion stage and having an inside 
space with an inside surface on which a wick 
wetted with operative liquid is adhered; a heat 
exchanger fixed to the rough motion stage and 
having an internal structure for circulation of cool- 
ing water therethrough and an inside space with an 
inside surface on which a wick wetted with oper- 
ative liquid is adhered; a flexible pipe for providing 
communication between the inside space of the 
heat exchanger and the inside space of the wafer 
chuck; an operative liquid tank for reserving oper- 
ative liquid to be supplied to the wick of the wafer 
chuck; a flexible operative liquid supply passage- 
way for connecting the operative liquid tank with 



the wick of the wafer chuck; an operative liquid 
valve provided in a portion of the operative liquid 
supply passageway; a flexible vacuum supply pas- 
sageway for connecting the inside space of the 
5 wafer chuck with a vacuum source; and a vacuum 
supply valve provided in a portion of the vacuum 
supply passageway. 

In a wafer cooling device of the present inven- 
tion, heat resulting from temperature rise in a wafer 
to during exposure is consumed in the evaporation of 
the operative liquid in the heat pipe and, therefore, 
the temperature of the wafer can be maintained 
constant. Since the heat exchanger is fixed to the 
rough motion stage having high rigidity, it is possi- 
15 ble to prevent vibration of the wafer chuck (i.e. 
vibration of the wafer) due to the circulation of the 
cooling water. Since the used heat pipe is flexible, 
it does not obstruct fine alignment of the wafer 
stage by the fine motion stage. 
20 Where the heat pipe includes a middle pipe 

portion made of a resin material and having an 
inside surface on which a wick wetted with oper- 
ative liquid is adhered, a flexible heat pipe struc- 
ture can be attained easily. 
25 Where the wafer chuck has an inside space of 

reduced pressure having an inside surface on 
which a wick wetted with operative liquid is ad- 
hered, the wafer chuck structure can be provided 
by a similar arrangement as a heat source portion 
30 of an ordinary heat pipe device. Thus, it is possible 
to maintain a wafer as a whole at a constant 
temperature, efficiently. 

In an occasion where the heat exchanger has 
an inside space of reduced pressure having an 
35 inside surface on which a wick wetted with oper- 
ative liquid is adhered, wherein the wicks of the 
heat exchanger and the heat pipe are connected to 
each other while the wicks of the wafer chuck and 
the heat pipe are connected to each other, and 
40 wherein the inside spaces of the wafer chuck and 
the heat exchanger are communicated with each 
other by the heat pipe, the wafer cooling device 
itself can be constructed into a single heat pipe 
structure. As a result, it is possible to maintain the 
45 wafer at a constant temperature, efficiently. 

Where the cooling device is equipped with a 
flexible pipe for providing communication between 
the inside space of the heat exchanger and the 
inside space of the wafer chuck, and means for 
so supplying the operative liquid to the wick of the 
wafer chuck, the operative liquid evaporated from 
the wick of the wafer chuck can be moved to the 
heat exchanger through the pipe and, additionally, 
it is possible to replenish the wick of the wafer 
55 chuck with the operative liquid appropriately. Thus, 
similar advantageous effects result. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 is a schematic view of a wafer holding 
block, showing a wafer cooling device according to 
a first embodiment of the present invention. 

Figure 2 is an enlarged view of a support table 
of Figure 1 . 

Figure 3 is a sectional view showing the struc- 
ture of a heat pipe of Figure 1. 

Figure 4 is a schematic view of a wafer chuck 
in a wafer cooling device according to a second 
embodiment of the present invention. 

Figure 5 is a sectional view showing the con- 
nection between a wafer chuck and a heat pipe, in 
a wafer cooling device according to a third embodi- 
ment of the present invention. 

Figure 6 is a schematic view showing the 
structure of a heat exchanger. 

Figure 7 is a sectional view showing the con- 
nection between a heat exchanger and a heat pipe. 

Figure 8 is a schematic view showing the 
structure of a modified form of heat exchanger. 

Figure 9 is a schematic view of a wafer cooling 
device according to a fourth embodiment of the 
present invention. 

Figure 10 is a schematic view of a known type 
wafer holding block. 

Figure 11 is a graph showing the result of 
experiment, illustrating the relationship between the 
flow rate and the displacement. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Figure 1 is a schematic view of a wafer holding 
block, for explaining a wafer cooling device accord- 
ing to a first embodiment of the present invention, 
wherein the device is used in an X-ray exposure 
apparatus. 

The wafer holding block includes a rough mo- 
tion stage 13 for rough alignment of a wafer to a 
mask in respect to x, y and z axis directions; a 
support table 12 fixed to the rough motion stage 
13; a fine motion stage 8 provided on a central 
portion of the support table 12, for fine alignment of 
the wafer to the mask; and a wafer chuck 1 fixed to 
the fine motion stage 8. 

The wafer chuck 1 can be moved by means of 
the rough motion stage 13, driven by actuators (not 
shown), in each of the x, y and z axis directions. 
Also, it can be moved finely by means of the fine 
motion stage in each of the x, y and z axis direc- 
tions as well as wx, wy and wz directions (rotational 
directions about the x, y and z axes, respectively). 
For simplicity, however, in this embodiment the 
fine motion stage 8 as can be moved only in the 
wz direction is used. More specifically, as best 
seen in Figure 2 the fine motion stage 8 is sup- 
ported at each corner and each center of its four 
sides by the support table 12 through leaf springs 



10. It can be driven by means of a piezoelectric 
device 11 and a rubber 9, sandwiching the right- 
hand leaf spring 10 therebetween, and can be 
moved in the wz direction minutely. If a pair of a 

5 piezoelectric device 11 and a rubber 9 are pro- 
vided for each of the leaf springs 10, in a similar 
manner sandwiching the corresponding leaf spring 
therebetween, then the fine motion stage 8 can be 
driven minutely in each of the x, y and z axis 

70 directions as well as in each of the wx, wy and wz 
directions. The wafer chuck 1 is formed with cross- 
ing grooves 7 for vacuum attraction of a wafer, and 
these grooves are communicated with a vacuum 
pump (not shown) through a passageway (not 

75 shown). The portion of this embodiment described 
above is essentially the same as the Figure 10 
example. 

However, in this embodiment, the wafer chuck 
1 is made of an Al material having a good heat 

20 conductivity and, additionally, a heat exchanger 2 
made of an Al material with good heat conductivity 
and having therein a passageway coupled with two 
cooling water pipes 5 and 6 for circulation of cool- 
ing water is fixedly provided on the rough motion 

25 stage 13. Further, two flexible heat pipes 3 and 4 
are used to provide heat transmission between the 
wafer chuck 1 and the heat exchanger 2. This is a 
difference from the known example. As seen in 
Figure 3, each of the heat pipes 3 and 4 includes 

30 opposite end portions 21 and 22, being made of an 
Al material with good heat conductivity and a cen- 
tral pipe portion being made of a resin material 
with heat resistivity such as Teflon, and a wick 24 
wetted with operative liquid such as water or al- 

35 cohol is adhered to the inside surface of the pipe. 
The inside space of each heat pipe 3 or 4 is 
maintained at a reduced pressure, so as to retain a 
boiling point of the operative liquid at about 20.0 
°C. 

40 The operation of this wafer holding block will 

now be explained. 

A large quantity of cooling water, temperature 
controlled at about 20.0 °C, is supplied from a 
constant temperature vessel (not shown) to the 

45 heat exchanger 2 through the cooling water pipe 5. 
With the flow of the cooling water through the 
passageway in the heat exchanger 2 and through 
the cooling water pipe 6 back to the constant 
temperature vessel, the heat exchanger 2 can be 

so maintained at a temperature of about 20.0 °C. 
Here, since the heat exchanger 2 is fixed to the 
rough motion stage having high rigidity, the flow of 
large quantity of cooling water dose not cause 
vibration. 

55 A wafer onto which a mask pattern is to be 

transferred is conveyed by a known type convey- 
ing hand (not shown) to the position of the wafer 
chuck 1 and, after this, with the communication 
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between the crossed grooves 7 with the vacuum 
pump the wafer is vacuum attracted to the wafer 
chuck 1. Thereafter, the rough motion stage 13 is 
driven by the actuator (not shown), and the fine 
motion stage 8 is driven by the piezoelectric device 
11, whereby the alignment of the wafer with re- 
spect to the mask can be accomplished. 

After completion of this alignment, the expo- 
sure process of the wafer with radiation such as X- 
rays, for example, starts. If during the exposure the 
temperature of the wafer increases due to the 
irradiation with the X-rays or the like, the tempera- 
ture of the wafer chuck rises, too. However, since 
the wafer chuck 1 is made of an Al material having 
good heat conductivity, the temperature rise in the 
wafer chuck is uniform, as a whole. Because of this 
temperature rise, the temperature of the contact 
portion 21 of each of the two heat pipes 3 and 4, 
being contact to the wafer chuck 1, increases 
which in turn raises the temperature of the wick 24 
adhered to the inside surface of the contact portion 
21 of each heat pipe 3 or 4. This causes a rise in 
saturated vapor pressure thereof, and the operative 
liquid within the wick 24 is evaporated, with depri- 
vation of heat of evaporation. Due to the pressure 
distribution produced at this time in each heat pipe 
3 or 4, the vapors of the operative liquid instanta- 
neously move to the contact portion 22 of each 
heat pipe 3 or 4, at the heat exchanger 2 side. 
Here, since the heat exchanger 2 is temperature 
controlled at about 20.0 °C and thus the contact 
portion 22 of each heat pipe 3 or 4 is maintained at 
about 20.0 °C, the vapors of the operative liquid 
are condensed into liquid and absorbed again by 
the wick 24. The absorbed operative liquid is dif- 
fused by the capillary action of the wick 24, back to 
the portion of the wick 24 adjacent to the contact 
portion 21 of each heat pipe 3 or 4. 

Consequently, if the temperature of the wafer 
rises during the exposure, almost all the heat re- 
sulting from the temperature rise is exhausted in 
the evaporation of the operative liquid in the heat 
pipes 3 and 4 and, therefore, the wafer can be 
maintained at a constant temperature. 

If water is used as the operative liquid, the 
inside of each heat pipe 3 or 4 may be maintained 
at a reduced pressure of about 20 Torr so as to 
retain the boiling point of the water at about 20.0 
°C. On the other hand, since in an X-ray exposure 
apparatus a helium gas of a pressure of about 200 
Torr is preferably used as an ambience gas for a 
wafer chuck 1 , for preventing the attenuation of X- 
rays, there is a pressure difference of about 180 
Torr between the inside and outside of each heat 
pipe 3 or 4. In consideration thereof, the central 
pipe portion 23 of each heat pipe 3 or 4 may be 
made of a resin material such as Teflon, with a 
diameter of 20 mm or less and a thickness of 1 
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mm or more. Further, the outside configuration of 
each heat pipe 3 or 4 may be shaped into a 
corrugated form such as shown in Figure 3 to 
provide a flexibility such that, with fine positioning 

5 of the wafer through the fine motion stage 8, the 
heat pipe 3 or 4 can be displaced minutely in the 
x, y and z axis directions and the wx, wy and wz 
directions in Figure 1. 

Since the pressure difference between the in- 

w side and outside of each heat pipe 3 or 4 is about 
200 Torr, at the maximum, an operative liquid other 
than water can be used in combination with a resin 
material structure of the pipe portion 23 of each 
heat pipe 3 or 4, without specific inconvenience. 

75 Further, a metal such as Al material may be used 
for the pipe portion 23 of each heat pipe 3 or 4 
and, with a similar structure, the flexibility can be 
assured. 

Figure 4 is a schematic view of a wafer chuck, 

20 in a wafer cooling device according to a second 
embodiment of the present invention, wherein the 
device is used in an X-ray exposure apparatus. 

The wafer cooling device of this embodiment 
differs from the Figure 1 embodiment in the point 

25 of structure of a wafer chuck 31. More specifically, 
as shown in Figure 4, the wafer chuck 31 is made 
of an Al material having good heat conductivity, 
and it is formed with crossed grooves 37. This is a 
similarity to the wafer chuck 1 shown in Figure 1. 

30 However, what is different from the Figure 1 exam- 
ple is that it has an inside space 39 of reduced 
pressure, having a wick 38 adhered to its inside 
surface. The inside space 39 of the wafer chuck 31 
is maintained at a reduced pressure, attaining a 

35 boiling point of the operative liquid at about 20.0 
°C. 

In the wafer cooling device of this embodiment, 
if the temperature of a wafer increases during the 
exposure process, the temperature of the wafer 

40 chuck 31 rises which in turn causes a temperature 
rise in the contact portion of each of the two 
unshown heat pipes (see Figure 1) at the wafer 
chuck 31 side, contacting to the wafer chuck 31. 
Because of this temperature rise, the temperature 

45 of the wick adhered to the inside surface of each 
heat pipe increases, causing evaporation of the 
operative liquid within the wick, with deprivation of 
heat of evaporation. Due to the pressure distribu- 
tion produced at this time in each heat pipe, the 

so vapors of the operative liquid instantaneously move 
to the contact portion of each heat pipe, at the heat 
exchanger side. Here, since the heat exchanger is 
temperature controlled at about 20.0 °C (as the 
heat exchanger 2 of Figure 1 ) and thus the contact 

55 portion of each heat pipe is maintained at about 
20.0 °C, the vapors of the operative liquid are 
condensed into liquid and absorbed again by the 
wick. The absorbed operative liquid is diffused by 

5 
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the capillary action of the wick, back to the portion 
of the wick adjacent to the contact portion of each 
heat pipe. 

As a result, the portion of the wafer chuck 
contacting to the two heat pipes can be maintained 
at a temperature of about 20.0 °C constantly. 

On the other hand, if during the exposure the 
temperature of the wafer increases, the tempera- 
ture of the wick 38 adhered to the inside surface of 
the wafer chuck rises, too. As a result, the oper- 
ative liquid within the wick 38 is evaporated with 
deprivation of heat of evaporation. Due to the pres- 
sure distribution produced at this time in the inside 
space 39 of the wafer chuck 31, the vapors of the 
operative liquid instantaneously move to the portion 
of the wafer chuck 31 contacted to the two heat 
pipes. Here, since this portion of the wafer chuck 
31 is temperature controlled at about 20.0 °C as 
described hereinbefore, the vapors of the operative 
liquid are condensed into liquid and absorbed 
again by the wick 38. The absorbed operative 
liquid is diffused by the capillary action of the wick 
38, back to the portion of the wick 38 whereat the 
wafer is attracted to the chuck. 

Consequently, if the temperature of the wafer 
rises during the exposure, almost all the heat re- 
sulting from the temperature rise is exhausted in 
the evaporation of the operative liquid in the wafer 
chuck 31 and in the two heat pipes and, therefore, 
the wafer can be maintained at a constant tempera- 
ture. 

Figure 5 shows the connection between a wa- 
fer chuck 41 and a heat pipe 50, in a wafer cooling 
device according to a third embodiment of the 
present invention, wherein the device is used in an 
X-ray exposure, apparatus. 

The wafer cooling device of this embodiment is 
similar to that shown in Figure 4, in that: the wafer 
chuck 41 is made of an Al material or the like 
having good heat conductivity; it is formed with 
crossed grooves (not shown) for vacuum attraction 
of a wafer; it has an inside space 49 of reduced 
pressure; and a wick 48 wetted with an operative 
liquid is adhered to the inside surface thereof. This 
embodiment differs from the Figure 4 embodiment 
in that: the heat pipe 50 has a contact portion 51 at 
the wafer chuck 41 side which is shaped into a 
doughnut form; and a contact portion of the wafer 
chuck 41 contacting to the heat pipe 50 has formed 
therein an opening of a size substantially equal to 
the inside diameter of the heat pipe 50, for connec- 
tion between a wick 48 of the wafer chuck 41 and a 
wick 54 of the heat pipe 50 and for communication 
between the inside space of the wafer chuck 41 
and the inside space of the heat pipe 50. Each of 
the inside spaces of the wafer chuck 41 and the 
heat pipe 50 is maintained at a reduced pressure, 
retaining a boiling point of the operative liquid at 
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about 20.0 °C. 

In the wafer cooling device of this embodiment, 
if during the exposure the temperature of the wafer 
increases, the temperature of the wick 48 adhered 

5 to the inside surface of the wafer chuck 41 rises, 
too. As a result, the operative liquid within the wick 
48 is evaporated with deprivation of heat of evap- 
oration. Due to the pressure distribution produced 
at this time in the inside spaces of the wafer chuck 

w 41 and the heat pipe 50, the vapors of the oper- 
ative liquid instantaneously move to the contact 
portion 52 of the heat pipe 50 via the portion of the 
wafer chuck 41 contacted to the heat pipe 50, via 
the contact portion 51 of the heat pipe and via the 

75 inside space of the pipe 53. Here, since the contact 
portion 52 is temperature controlled at about 20.0 
°C constantly by means of a heat exchanger 42 of 
a similar structure as of that shown in Figure 1 , the 
vapors of the operative liquid coming to the contact 

20 portion 52 are condensed into liquid and absorbed 
again by the wick 54. The absorbed operative 
liquid is diffused by the capillary action of the wick 
54, back to the wick 54 at the contact portion 51 of 
the heat pipe 50 and then to the wick 48 at that 

25 portion of the wafer chuck 41 and finally to the wick 
48 at the portion of the wafer chuck 41 whereat the 
wafer is attracted to the chuck. 

Consequently, if the temperature of the wafer 
rises during the exposure, almost all the heat re- 

30 suiting from the temperature rise is exhausted in 
the evaporation of the operative liquid in the wafer 
chuck 41 and, therefore, the wafer can be main- 
tained at a constant temperature. 

Figure 6 shows the structure of a heat ex- 

35 changer 62 in a wafer cooling device according to 
a fourth embodiment, wherein the device is used in 
an X-ray exposure apparatus. Figure 7 shows the 
connection of the heat exchanger 62 of Figure 6 
with a heat pipe 70. 

40 In the wafer cooling device of the present em- 

bodiment, a wafer chuck (not shown) and the heat 
pipe 70 as well as the heat exchanger 62 are 
structured into a unit heat pipe assembly, and the 
wafer chuck has a similar structure as of the wafer 

45 chuck 41 shown in Figure 5. As seen in Figure 6, 
the heat exchanger 62 has an inside space of 
reduced pressure, and a wick 64 wetted with an 
operative liquid is adhered to the inside surface 
thereof. Also, a cooling water flowing groove 63 is 

so formed, for circulation of cooling water thereth- 
rough. A contact portion of the heat pipe 70 at the 
heat exchanger 62 side is shaped into a doughnut 
form. At a portion of the heat exchanger 62 con- 
tacted to the heat pipe 70, there is formed an 

55 opening of a size substantially equal to the inside 
diameter of the heat pipe. This assures connection 
of the wick 64 of the heat exchanger 62 with a wick 
78 of the heat pipe 70 as well as communication 

6 
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between the inside space 65 of the heat exchanger 
62 and an inside space of the wafer chuck through 
the heat pipe 70. 

Since the wafer cooling device of this embodi- 
ment has a unit heat pipe structure as described 
above, the wafer temperature can be maintained 
constant in accordance with the heat pipe principle 
which is known per se. 

The heat exchanger structure may be modified 
as a heat exchanger 80 shown in Figure 8. More 
specifically, an outer casing member made of a 
material having good heat conductivity is formed 
with a cooling water flowing groove 81. A container 
82 made of a material with good heat conductivity 
has an inside space of reduced pressure, and a 
wick 83 wetted with an operative liquid is adhered 
to the inside surface thereof. The container 82 is 
disposed within the outer casing member with its 
outside surface being contacted to the inside sur- 
face of the outer casing member. In this case, the 
outside casing member and the container 82 may 
be made of different materials. 

Figure 9 is a schematic view of a wafer cooling 
device according to a fifth embodiment of the 
present invention, wherein the device is used in an 
X-ray exposure apparatus. 

The wafer cooling device of this embodiment 
includes: a flexible pipe 93 substituting for the heat 
pipe 70 in the wafer cooling device of Figure 8, for 
communicating the inside space of a wafer chuck 
91 with the inside space of a heat exchanger 92; 
an operative liquid tank 97 for reserving operative 
liquid to be supplied to a wick within the wafer 
chuck 91 ; a flexible operative liquid passageway 96 
for communicating the tank 97 with the wick in the 
wafer chuck 91; an operative liquid valve 98 pro- 
vided in a portion of the passageway 96; a flexible 
vacuum applying passageway 99 for communicat- 
ing the inside space of the wafer chuck 91 with a 
vacuum source (not shown); and a vacuum apply- 
ing valve 100 provided in a portion of the passage- 
way 99. The tank 97, the passageway 96, the valve 
98, the passageway 99 and the valve 100 coop- 
erate with each other to provide a replenishing 
means for supplying operative liquid to the wick in 
the wafer chuck 91 . 

While not shown in the drawing, like the Figure 
1 example, the wafer chuck 91 is fixed to a fine 
motion stage and the heat exchanger 92 is fixed to 
a rough motion stage. Further, where the pipe 93 
and the passageways 96 and 99 each has a similar 
structure as of the heat pipe 3 shown in Figure 3, 
even if they are made of metal, the fine positioning 
of a wafer through the fine motion stage is attain- 
able. 

With the arrangement describe above, the wa- 
fer cooling device of this embodiment has a func- 
tionally integral heat pipe structure and, similarly to 
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the example of Figure 7, it maintains a constant 
wafer temperature on the basis of the heat pipe 
principle which is known per se. 

More specifically, if during the exposure the 
5 temperature of the wafer increases, the tempera- 
ture of the wick adhered to the inside surface of 
such portion of the wafer chuck 91 whereat the 
wafer is vacuum attracted, rises, too. As a result, 
the operative liquid within the wick is evaporated 

w with deprivation of heat of evaporation. Due to the 
pressure distribution in the inside spaces of the 
wafer chuck 91, the pipe 93 and the heat ex- 
changer 92, the vapors of the operative liquid in- 
stantaneously move to the portion of the wafer 

15 chuck 91 contacted to the pipe 93 and via the pipe 
93 to the heat exchanger 92. Therefore, if the 
temperature of the wafer rises during the exposure, 
almost all the heat resulting from this temperature 
rise is exhausted in the evaporation of the oper- 

20 ative liquid in the wafer chuck 91 and, thus, the 
wafer temperature can be maintained constant. 

in the wafer cooling device of this embodiment, 
the heat exchanger 92 has a similar structure as of 
the heat exchanger 62 shown in Figures 6 and 7, 

25 and a constant temperature is retained by means 
of cooling water which is circulated by two cooling 
water flowing passageways 95i and 952. Thus, the 
vapors of the operative liquid coming to the heat 
exchanger 92 are condensed within the heat ex- 

30 changer into liquid and absorbed by the wick within 
the heat exchanger 92. Since however the pipe 93 
is not provided with a wick, the operative liquid 
liquefied by the condensation dose not go back to 
the wafer chuck 91. This causes a phenomenon 

35 that, as the exposure is repeated, the operative 
liquid in the wafer chuck 91 reduces which ends in 
failure of wetting the wick in the wafer chuck with 
the operative liquid. If such phenomenon occurs, 
the temperature rise of the wafer is not followed by 

40 evaporation of the operative liquid with deprivation 
of heat of evaporation. This is called "dry-out". 

In the present embodiment, to avoid such dry- 
out state, the operative liquid valve is opened at 
regular intervals to replenish the wick in the wafer 

45 chuck 91 with the operative liquid, from the tank 97 
through the passageway 96. Here, before replen- 
ishment of the operative liquid, the vacuum apply- 
ing valve 100 is opened to provide communication 
between the vacuum source and the inside space 

so of the wafer chuck 91, to apply vacuum to the 
latter. This causes evaporation of ail the operative 
liquid within the wafer chuck 91 and the heat ex- 
changer 92 (since the saturated vapor pressure at 
a temperature of about 20.0 °C is about 20 Torr, 

55 under vacuum or under 0 Torr all the operative 
liquid is evaporated). The vapors can be dis- 
charged through the vacuum passageway 99. 

If the operative liquid and the wick do not have 

7 
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good adaptability, a non-condensable gas is pro- 
duced in the wafer chuck 91 resulting in an in- 
operable state. If this occurs, the vacuum applying 
valve 100 may be opened to provide communica- 
tion between the vacuum pump and the inside 
space of the wafer chuck 91 through the passage- 
way 99, for effect the vacuum application again. 
After this, the operative liquid valve 98 is opened to 
supply the operative liquid to the wick in the wafer 
chuck through the operative liquid passageway 96. 
By this, the normal operation can be resumed. 

While in this embodiment the operative liquid 
collected in the heat exchanger 92 is discharged 
through the vacuum applying passageway 99, a 
separate liquid discharging means may be used. 

In the foregoing description, the wafer chuck 
and the heat exchanger is communicated by 
means of two heat pipes (Figure 1). However, the 
number may be one or three or more. 

The inside space of each of the wafer chuck, 
the heat pipe and the heat exchanger is maintained 
at a reduced pressure to retain a boiling point of 
the operative liquid at a temperature of about 20.0 
°C. However, the pressure is not limited to this. 
Only necessary is that the pressure is reduced to 
assure that the boiling point of the operative liquid 
is equal to the temperature of the cooling water (it 
may be other than 20.0 °C) circulating through the 
heat exchanger. 

Further, in order to assure the strength of the 
wafer chuck or the heat exchanger, a support pillar 
means may be provided within the wafer chuck of 
the heat exchanger, such as disclosed in Japanese 
Laid-Open Patent Application, Laid-Open No. 58- 
96992. 

The groove of the wafer chuck for the vacuum 
attraction is not limited to a crossed shape. A 
radially extending shape or any other shape may 
be used. 

While the invention has been described with 
reference to the structures disclosed herein, it is 
not confined to the details set forth and this ap- 
plication is intended to cover such modifications or 
changes as may come within the purposes of the 
improvements or the scope of the following claims. 

Claims 

1. A wafer cooling device, comprising: 
a wafer chuck; 

a heat exchanger having an internal struc- 
ture for circulation of cooling water thereth- 
rough; and 

a flexible heat pipe for providing heat com- 
munication between said wafer chuck and said 
heat exchanger. 



heat pipe includes a middle pipe portion made 
of a resin material and having an inside sur- 
face on which a wick wetted with operative 
liquid is adhered. 

5 

3. A device according to Claim 1 or 2, wherein 
said wafer chuck has an inside space of re- 
duced pressure having an inside surface on 
which a wick wetted with operative liquid is 

w adhered. 

4. A device according to Claim 3, wherein said 
heat exchanger has an inside space of re- 
duced pressure having an inside surface on 

75 which a wick wetted with operative liquid is 

adhered, wherein said wicks of said heat ex- 
changer and said heat pipe are connected to 
each other while said wicks of said wafer 
chuck and said heat pipe are connected to 

20 each other, and wherein said inside spaces of 

said wafer chuck and said heat exchanger are 
communicated with each other by said heat 
pipe. 

25 5. A wafer cooling device for use in an X-ray 
exposure apparatus having a fine motion stage 
and a rough motion stage, said device com- 
prising: 

a wafer chuck fixed to the fine motion 
30 stage and having an inside space with an 

inside surface on which a wick wetted with 
operative liquid is adhered; 

a heat exchanger fixed to the rough motion 
stage and having an internal structure for cir- 
35 culation of cooling water therethrough and an 

inside space with an inside surface on which a 
wick wetted with operative liquid is adhered; 

a flexible pipe for providing communication 
between said inside space of said heat ex- 
40 changer and said inside space of said wafer 

chuck; 

an operative liquid tank for reserving oper- 
ative liquid to be supplied to said wick of said 
wafer chuck; 

45 a flexible operative liquid supply passage- 

way for connecting said operative liquid tank 
with said wick of said wafer chuck; 

an operative liquid valve provided in a 
portion of said operative liquid supply pas- 
so sageway; 

a flexible vacuum supply passageway for 
connecting the inside space of said wafer 
chuck with a vacuum source; and 

a vacuum supply valve provided in a por- 
55 tion of said vacuum supply passageway. 



2. A device according to Claim 1, wherein said 



BNSDOClD:<EP 0469744A1 I > 



EP 0 469 744 A1 




FIG. I 



INSDOCID: <EP 0469744A1_I_> 



EP 0 469 744 A1 




FVJfinnCtDt <EP 04697 44A1 I > 



10 



EP 0 469 744 A1 




BP 0 469 744 A1 



42 




FIG. 5 
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